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In this study, we employed an oxygen plasma post-treatment to improve the leakage -characteristics of
Pt/(Ba, Sr)TiQ(BST)/Pt capacitors prepared by the RF cosputtering technique. Applying oxygen plasma treatment to BST
thin films can effectively passivate the oxygen vacancies of the BST films, thus decreasing the electric conduction paths of
leakage current. The leakage current is reduced by as many as two orders of magnitude by this low-temperad)ran@50
short duration £5 min) process. However, the usage of oxygen plasma treatment is not unrestricted. Plasma treatment over a
long time (more than 10 min) degrades the leakage characteristics, due to plasma damage. Therefore, a proper oxygen plasma
treatment for as-deposited BST films is desired to improve leakage characteristics of BST thin films.
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. gen atoms to decrease the oxygen vacancies and improve the

1. Introduction quality of BST films. Plasma treatments with different time

Barium strontium titanate (BST) films with a high dielec-intervals are also used to examine their effects on the leakage
tric constant have attracted great attention for practical usbaracteristics of BST thin films. In addition, the mechanism
in the capacitors of giga-era dynamic random-access meuof-improvements in the leakage characteristics of BST films
ory (DRAM).1* To satisfy gigabit (Gbit) generation require-has been investigated via various characterizations.
ments, BST films with considerably high dielectric constants
are necessary to provide sufficient charge in a miniaturizi
storage capacitor to maintain immunity against soft &ras Figure 1 shows a cross-sectional scanning electron
well as keep the cell structure simple. Other basic requireicroscope (SEM) micrograph of the BST capacitor
ments for BST thin films include features such as low leakageith 300°C-deposited BST films. The structure of
current, high breakdown electric field, high time-dependemt/BST/Pt/TiN/Ti/Si was employed to simulate the practical
dielectric breakdown (TDDB), and low fatigue and aging efeapacitor over a bit-line (COB) DRAM capacitor structure.
fects® 7 After a standard Radio Corporation of America (RCA) clean-

One of the most crucial issues for electrical parametensg process, Ti and TiN films with 50 and 100 nm thicknesses
has been the leakage current of DRAM cells. Once daterving as the adhesion and the barrier layers, respectively,
have been written in DRAM, charges stored in each capaaere sequentially deposited on the p-type Si(100) substrates
itor must maintain more than the critical amount of chargdsy the sputtering technique. A 200-nm-thick Pt layer as the
for a time interval £ DRAM refresh time) so that the infor- bottom electrode was also deposited by sputtering at room
mation stored in each DRAM cell can be read out correctlyemperature. Accordingly, a Pt/TiN/Ti/Si substrate was pre-
The operation voltagey,., for Gbhit DRAMs is about 2 V.
The voltage difference between two electrodes of the DRAM
capacitor is 12V (1V). The leakage current measured at
1V for the above-mentioned BST thin films is recognized
to be dominated by the Schottky emission (SE) (electrode-
limited) conduction mechanisfi® The SE leakage current
can be affected by the metal work function of the electrodes,
the oxygen vacancy accumulation at the electrode interface,
and the surface morphology of the BST thin filtds!¥ The
mechanism of leakage current has been ascribed to the varia
tion of the oxygen vacancies in the BST thin fil§18%14-17)
Recently, it was reported that the higher leakage current of
BST films could be effectively reduced by activated oxy-
gen annealing® 61" However, high processing tempera-
tures &500°C) and long process duratior-1 h) were nec-
essary for these postannealing processes.

In this investigation, oxygen plasma treatment was per-
formed on as-deposited BST films at a low substrate tem-

peratl_Jre (25€C) in order to passivate the oxygen Va(_:anCiesﬂig. 1. Cross-sectional SEM micrograph of the BST/PUTIN/Ti/Si for
Applying oxygen plasma treatment can provide active oxy- which the BST was deposited at 3@

Experimental
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pared. BasSiysTiO3 films, all with a nominal thickness of rather than the PF transport mechanism. Since the material
100 nm, were then deposited using a RF magnetron cospof-the top electrode is the same as that of the bottom elec-
ter system at a substrate temperature of°800To control trode, the higher reverse leakage current is likely due to the
the Ba/Sr ratio of BST thin films by tuning the RF power,high concentration of oxygen vacancies at the interface with
BaTiO; and SrTiQ targets were used simultaneously. In orthe top electrod&:1%17)In order to enhance the crystallinity
der to achieve paraelectric characteristics, the Ba/Sr ratio afd step coverage of BST films deposited by sputtering, sub-
1 : 1 was selected in this investigation. The RF powers fastrate heating is necessary. However, as the BST films were
the deposition of BaTi@and SrTiQ were 175 and 230 W, deposited at a high substrate temperatuw80d0C), oxygen
respectively. would escape and thus oxygen vacancies were generated ac-
After depositing BST films, the oxygen plasmacording to:
post-treatment was performed on planar-type plasma in a
12-inch chamber for 3, 5, 10 and 15 min, to passivate the oxy-
gen vacancies in various BST films. The operating conditionshere @, V" and e represent the oxygen ion at its normal
for the oxygen-plasma treatment are a flow rate of 900 sccmsie, oxygen vacancy and electron, respectively. A higher con-
gas pressure of 650 mTorr, a substrate temperature 6£250 centration of oxygen vacancies would give the BST materials
and a RF power of 300W. Finally, Pt top electrodes with a-type conductivity due to the electrons generated, causing
diameter of 15@:m were deposited on the BST films by sputdarger leakage currents.
tering via a metal shadow mask process. Since the oxygen vacancies generated during the film de-
The composition of the resultant (Ba, Sr)Ei@®ms were position process greatly affect the leakage characteristics, ap-
analyzed by Rutherford backscattering spectroscopy (RBS)lying an oxygen plasma treatment can provide active oxy-
The surface morphology, the cross-sectional view, and tlgen atoms to decrease the oxygen vacancies and, furthermore,
film thickness of the BST films were examined by scanningmprove the quality of BST films. Figure 3 shows the depen-
electron microscopy (SEM). The crystallinity and grain sizelence of the dielectric constant and the leakage current mea-
estimated from the Scherrer equation were characterized syred at various electric fields on, @lasma treatment with
a Siemens D5000 diffractomefé. In addition, the surface different time intervals after the BST film deposition. A con-
roughness was inspected using an atomic force microscogiderable reduction of the leakage current is noted in the O
(AFM). An automatic measurement system was conducted ptasma-treated samples for 3, 5 and 10 min, especially that for
obtain the current—voltage €V) characteristics of the resul- 5min. This improvement in leakage characteristic could be
tant BST capacitors. attributed to the compensation of oxygen vacancies near the
surface or the improved surface roughn&s¥) Of these two
possibilities, it was found that no obvious difference appeared
Figure 2 presents the variation of the leakage current of ais-the surface roughness between the as-deposited BST films
deposited BST films with applied voltage. The leakage cuend that of samples with {plasma treatment for 5min. On
rent under reverse bias is much higher than that under posititree other hand, judging from the Auger electron spectroscopy
bias. The barrier height of SE is a function of the work func{AES) profiles, the samples with oxygen plasma treatment ex-
tion of the electrode metal, electron affinity of the dielectrichibited a larger amount of oxygen in the BST films than the
and the surface states. The Poole-Frenke (PF) transport meas-deposited specimen, as shown in Fig. 4. Therefore, the
anism (bulk limited) results from the lowering of the barrieimprovement of leakage current at negative bias is primarily
height of traps in the dielectrics. Hence, the PF transpoattributed to the compensation of surface oxygen vacancies.
mechanism does not present polarity depend&r€e’’The Moreover, the leakage currents in the high electric field region
higher reverse current shown in Fig. 2 indicates that the lea{3.3, —0.3 and 0.5 MV/cm) are also improved. The leakage
age current is dominated by the SE conduction mechanism

Op <> V{* + 26 +1/20;,

3. Results and Discussion
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Fig. 3. Dependence of the dielectric constant and the leakage current mea-

Fig. 2. \Variation of leakage current of as-deposited BST films with applied sured at various electric fields with a delay time of 30s gnplasma
voltage. treatment for different time intervals after the BST film deposition.
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x 10° sputtering technique shows serious oxygen deficiency, which
3- greatly affects the leakage characteristics of the BST films.
Applying oxygen plasma treatment to as-deposited BST films
““““““““ ey can effectively passivate the oxygen vacancies at low sub-
'°}Zzﬁjzﬂ<zﬂﬂ’2"\/“g\§ s strate temperatures and short process duration. Consequently,
7 the plasma technique significantly improves the leakage cur-
2+ rents as a result of the reduction of high-concentration oxygen
vacancies of the as-deposited BST films. However, plasma
treatment over a long time degrades the leakage character-
istics of the BST films, due to plasma damage. Therefore,
O, plasma 15 min proper and careful oxygen plasma treatment, after depositing
O, plasma 5 min the BST films, should be employed to improve the leakage
—— As-Deposited characteristics of BST thin films without degradation.
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